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Contour-clamped homogeneous electric field pulsed-field gel electrophoresis (CHEF-PFGE) was used to
compare Wisconsin isolates of Escherichia coli O157:H7, including 39 isolates from a 1994 day care center
outbreak, 28 isolates from 18 individuals from the surrounding geographic area with sporadic cases occurring
during the 3 months before the outbreak, and 3 isolates, collected in 1995, from patients with hemolytic-uremic
syndrome (HUS) who were from eastern Wisconsin counties other than those inhabited by the day care center
and sporadic-case individuals. The technique of CHEF-PFGE using XbaI identified seven highly related
restriction endonuclease digestion profiles (REDPs) (93 to 98% similarity) among the 39 day care center
isolates and nine XbaI REDPs (63 to 93% similarity) among the 28 isolates from sporadic-case individuals,
including REDP 33, which was exhibited by both day care and sporadic-case isolates. PFGE analyses of
sequential E. coli O157:H7 isolates from symptomatic day care center attendees revealed that the REDPs of 25
isolates from eight patients were indistinguishable whereas the REDPs of 2 of 6 isolates from two patients
differed slightly (93 to 95% similarity). The REDPs of the three isolates from 1995 HUS patients were 78 to 83%
similar, with REDP 26 being exhibited by one HUS-associated isolate and an isolate from one day care attendee
who did not develop HUS. The genes for both Shiga toxins I and II (stx1 and stx2, respectively) were detected
in all but one isolate (sporadic case), and Shiga toxin production by the day care center isolates was not
significantly different from that of the other isolates, including the three HUS-associated isolates. Analyses of
E. coli O157:H7 isolates from both the day care center outbreak and sporadic cases by CHEF-PFGE permitted
us to define the REDP variability of an outbreak and geographic region and demonstrated that the day care
center outbreak and a HUS case in 1995 were caused by E. coli O157:H7 strains endemic to eastern Wisconsin.

Escherichia coli O157:H7 is now recognized as an important
cause of hemorrhagic colitis and hemolytic-uremic syndrome
(HUS) worldwide (16, 17, 36, 37). Bovine food products, par-
ticularly ground beef, have been implicated in the majority of
foodborne outbreaks, but a diversity of foods, as well as water
and person-to-person transmission, have also been linked with
outbreaks (9, 12, 23, 29, 46, 49, 50). Person-to-person trans-
mission of E. coli O157:H7 is well documented in day care and
extended-care facilities (1, 7, 8, 14, 28, 31, 39, 52), most likely
because of the low infectious dose of this pathogen and the
increased susceptibility of the individuals in these facilities (16,
17).

A number of subtyping methods have been employed for
epidemiological and evolutionary studies of E. coli, including
serotype O157:H7 (3, 6, 11, 18, 40, 51). Of these subtyping
methods, pulsed-field gel electrophoresis (PFGE) is reportedly
the most discriminatory method for subtyping E. coli O157:H7
(3, 48). An enigma associated with PFGE subtyping is the
interpretation of minor variations, such as the presence or
absence of a single fragment, in the restriction endonuclease
digestion profiles (REDPs) of the strains. Minor deviations in
REDP can occur as a result of mutations, insertions, and/or
deletions within the genome or the gain or loss of plasmids and

phages (22, 33, 48). Tenover et al. (48) established criteria for
relating empirical differences in REDP to genetic changes and
epidemiological relevance. Statistical methods to establish sim-
ilarity indices among the REDPs of isolates are another way of
linking isolates with an index strain (13, 34). Additional inves-
tigations of the variation in REDPs of isolates from an out-
break and sporadic-case individuals are needed to support or
refine criteria for the application of molecular subtyping tech-
niques to epidemiological investigations.

This study was conducted to determine the genomic vari-
ability of E. coli O157:H7 isolates associated with a day care
center outbreak and sporadic cases in southeastern Wisconsin.
In addition, data on duration of fecal shedding among symp-
tomatic children and the production of Shiga toxins (ST) by
O157:H7 isolates from patients with or without HUS were
obtained.

(Portions of this work were presented at the 96th General
Meeting of the American Society for Microbiology, New Or-
leans, La., 19 to 23 May 1996 [27].)

MATERIALS AND METHODS

Day care center outbreak and sporadic cases. Beginning on 25 May 1994, a
cluster of sporadic E. coli O157:H7 cases was identified within three contiguous
counties (Kenosha, Milwaukee, and Waukesha) in southeastern Wisconsin. Dur-
ing the period 20 to 31 July 1994, 43 of 196 children from a single day care center
in Kenosha County were reported to have symptoms of diarrhea and abdominal
cramps. Thirty-nine (91%) of the symptomatic children from the day care center
had laboratory-confirmed cases of E. coli O157:H7. A case of infection was
defined by bloody diarrhea, or at least three loose stools in a 24-h period, and a
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stool specimen that was positive for E. coli O157:H7. None of the day care center
attendees or individuals with sporadic cases developed HUS.

Stool specimen kits were provided for day care center attendees and any family
member(s) that experienced diarrhea in the week preceding 28 July 1994. Stool
specimens were submitted to the local health department laboratories for routine
bacterial and parasitic testing and for an initial screening for E. coli O157:H7
using MacConkey sorbitol medium (Difco Laboratories, Detroit, Mich.). Sorbi-
tol-negative colonies were forwarded to the state Laboratory of Hygiene (Mad-
ison, Wis.) for O157 and H7 agglutination tests. Isolates confirmed as O157:H7
were then sent to the Food Research Institute of the University of Wisconsin for
further analyses.

Bacterial strains. A total of 67 E. coli O157:H7 isolates were obtained, in-
cluding 39 from the day care center outbreak and 28 from individuals with
sporadic cases. The sporadic cases occurred during the 3 months preceding the
day care center outbreak and were in the same geographic region as the day care
center. Additionally, O157:H7 isolates from three individuals with HUS in three
different counties in eastern Wisconsin were obtained in 1995. These individuals
included a 9-year-old female (strain 854) who resided in a county 150 miles from
the day care center and reported onset of symptoms on 22 May 1995; a 19-year-
old female (strain 853), with onset of symptoms on 1 June 1995, who had worked
at a fast-food restaurant located 120 miles from the day care center; and a
7-year-old male (strain 856) who had visited a farm in a county about 50 miles
from the day care center within a week before onset of symptoms on 11 October
1995. These three HUS cases were considered sporadic since no common link-
ages in time or exposure among the three patients were identified. Isolates were
restreaked onto MacConkey sorbitol agar (Difco) to check for purity and stored
at 270°C in nutrient broth (Difco) containing 10% glycerol.

PFGE. The PFGE technique of contour-clamped homogeneous electric field
(CHEF) electrophoresis was conducted as previously described (18). Genomic
DNA in agarose plugs was digested with XbaI (Promega Corp., Madison, Wis.)
as recommended by the manufacturer. The resulting macrorestriction fragments
were separated by CHEF-PFGE, using a CHEF-DRII apparatus (Bio-Rad Lab-
oratories, Richmond, Calif.) at 200 V and 17°C for 21 h with switch times ranging
from 1 to 40 s. Lambda concatamers (New England Biolabs, Inc., Beverly, Mass.)
were used as DNA size standards.

Calculation of similarity indices. The presence or absence of restriction
fragments for each strain was entered into ELBAMAP as binary scores. The
ELBAMAP program was used to calculate the Dice similarity indices among
strains as described by Brosch et al. (13).

Detection of ST genes. The ST genes (stx1 and stx2) were detected by Southern
blot hybridization (41). The DNA from each strain was extracted and digested
with EcoRI (Promega). After electrophoresis, the DNA was transferred to a
nylon membrane. Two 20-bp oligonucleotide probes (20, 26) (National Bio-
sciences, Plymouth, Minn.) were labeled with digoxigenin (Genius 6 tailing kit;
Boehringer Mannheim, Indianapolis, Ind.). Hybridized probe was detected by
following the manufacturer’s instructions (Genius 3; Boehringer Mannheim).

Protein concentrations. The protein contents of E. coli cell extracts were
determined by using the Micro BCA Protein Assay Reagent according to the
manufacturer’s instructions (Pierce, Rockford, Ill.). Briefly, 50-ml samples of
each cell extract were added separately to wells of a microtiter plate, and the
plates were incubated for 45 min at 60°C. The standard curve was generated by
using bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.). The absor-
bance at 560 nm (A560) was measured (MR 600 microplate reader; Dynatech
Laboratories, Inc., Alexandria, Va.).

ELISA for ST. Strains of E. coli O157:H7 were grown in Trypticase soy broth
(Difco) for 19 h at 35°C with shaking (150 rpm). Cells were pelleted by centrif-
ugation (13,800 3 g, 10 min) and washed twice with 0.2 M phosphate buffer (pH
6.5). The resulting pellets were resuspended in phosphate buffer containing 0.1
mg of polymyxin B/ml and incubated for 30 min at 37°C (4). Cells and debris
were pelleted by centrifugation, and the supernatants were filtered through
0.22-mm-pore-size filters (Gelman Science, Ann Arbor, Mich.). Culture super-
natants and polymyxin extracts were tested for quantities of STI and STII by
using protein G (Pharmacia, Uppsala, Sweden)-purified ascites fluid from hy-
bridomas ATCC CRL 1794 and ATCC CRL 1907 (32, 44), respectively, in an
enzyme-linked immunosorbent assay (ELISA) (5). Globotriacylceramide (Gb3;
Matreya, Inc., Pleasant Gap, Pa.) (20 mg/ml, 100 ml/well) was used to coat the
wells of a MicroTest III flexible assay plate (Falcon, Oxnard, Calif.). Peroxidase-
conjugated goat anti-mouse antibody (Sigma) was used as a secondary antibody
with K-Blue (ELISA Technologies, Lexington, Ky.) substrate for horseradish
peroxidase. After 15 min of incubation at room temperature, the reaction was
stopped with 2.5 N H2SO4, and the contents of the wells were transferred to a
new microtitration plate for determination of the dual end absorbance at 450 to
650 nm (THERMOmax microtiter plate reader; Molecular Devices Co., Menlo
Park, Calif.).

Partially purified STI and STII were used to establish standard curves. The
toxin concentrations of the purified preparations were determined by densitom-
etry (Kendrick Laboratories, Madison, Wis.) in a nondenaturing polyacrylamide
gel (gradient, 4 to 20%; Bio-Rad). Four trials were done for each standard curve.

Statistical analyses. The data were processed by using the Statistical Analysis
System (SAS) (version 6.1; SAS Institute Inc., Cary, N.C.). The standard curve
followed a sigmoidal distribution, and a four-parameter logistical model (35) was
used: OD 5 A 1 {(B 2 A)/[1 1 exp(log concentration 2 C)/D]}, where OD is

the optical density, A is the asymptote at concentration m, B is the asymptote at
concentration 0, C is the inflection point, and D is a scale parameter tied to the
slope of the curve near the inflection point. When the ELISA absorbance values
were equivalent to background values, an arbitrary value 0.01 OD units higher
than the negative control (background) was entered for statistical comparisons.
Analysis of variance was conducted with SAS. Log values of the estimated toxin
concentrations were used to ensure constant variance. An analysis of least sig-
nificant differences was used for multiple-comparison tests of toxin concentra-
tion.

RESULTS

Day care center outbreak. Epidemiological data for 20 cases
associated with the Kenosha County day care center outbreak
are shown in Table 1. Onset of diarrhea among children in the
six rooms occurred between 20 and 31 July 1994 and ceased 1
to 23 days later. The children (8 males and 12 females) ranged
in age from 11 to 62 months. Five of the children were pre-
scribed antibiotics for their illness. E. coli O157:H7 was iso-
lated from patient stool samples 2 to 39 days after onset of
diarrhea. Stool specimens from 10 patients continued to be
positive for 5 to 23 days (mean, 15.1 days; median, 11.5 days),
even after diarrhea ceased. Two negative stool specimens were
required by the day care facility’s administration for readmis-
sion to the day care center. Among the 20 cases shown in Table
1, six individuals had one or more positive stool specimens
following the first negative stool sample and required multiple
samples before two sequential negative stool specimens were
obtained (data not shown). This process resulted in 59 total
stool specimens from 18 patients, and 39 yielded O157:H7
isolates. Isolates from two individuals were unavailable for
further analysis. Only a single isolate from a positive stool
specimen was retained for CHEF-PFGE analyses. The status
of the day care center employees with regard to infection by E.
coli O157:H7 was unknown because they did not submit fecal
samples for testing.

The 39 O157:H7 isolates typed by using XbaI and CHEF-
PFGE displayed seven different REDPs. A single profile,
REDP 33, was identified from 13 cases (72%), with REDP 51
being displayed by isolates from two children (11%) and
REDP 26, 47, 48, 49, and 50 being displayed by isolates from
individual children (5.5%). The predominant strain (REDP
33) was isolated from children in five of the six rooms of the
day care facility (Table 1; Fig. 1). The REDPs of multiple
isolates from eight children were the same throughout the
period of shedding. For example, four isolates recovered from
patient 4 over 39 days were all REDP 33, and five isolates from
patient 9 recovered over 36 days were all REDP 51. The
REDPs of isolates from two children differed (patient 7,
REDP 26 and 48; patient 16, REDP 33 and 49) but were highly
similar (93% similarity).

Sporadic cases. A total of 28 E. coli O157:H7 isolates were
obtained from 18 individuals with sporadic cases during the
period May to July 1994 (Table 2). The infected individuals (10
males and 8 females) were from 1 to 78 years of age. The
sporadic cases occurred in three counties in southeastern Wis-
consin in the 3 months preceding the day care center outbreak.
The E. coli O157:H7 isolates displayed nine XbaI REDPs,
including the predominant pattern (REDP 33) exhibited by
most of the isolates from the day care center outbreak. Isolates
from 2 of the 18 (11%) individuals with sporadic cases dis-
played REDP 33, whereas 13 of 18 (72%) individuals from the
day care center displayed this REDP. The predominant
REDPs of sporadic-case isolates were REDP 40 (17%), 43
(17%), and 41 (28%). The REDPs of isolates from one family
pair (patient 24, REDP 40; patient 33, REDP 42) differed and
were only 63% similar. However, other cases involving families
(patients 31 and 32, REDP 41; patients 34, 35, and 38, REDP
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43) involved O157:H7 strains with the same REDP. The
REDPs of sequential isolates from patient 30 differed but were
highly similar (98% similarity).

REDP similarity. XbaI and CHEF-PFGE analyses of the 67
E. coli O157:H7 isolates from the day care center outbreak and
sporadic-case individuals identified a total of 15 REDPs, each
of which displayed 19 to 23 fragments ranging from ca. ,48.5
to 580 kb in length (Fig. 2). All strains displayed similar num-
bers and migration profiles of fragments in the size range of ca.
,48 kb and 200 to 300 kb, including a pronounced doublet at

ca. 290 kb. Other restriction enzymes were not evaluated since
XbaI is most discriminatory for analyzing isolates of E. coli
O157:H7 (18). Although seven different REDPs were identi-
fied among the isolates from the day care center patients, the
REDPs were 93 to 98% similar by the Dice similarity index
(Fig. 3). In comparison, the REDPs of isolates recovered from
individuals with sporadic cases were 63 to 93% similar. The 15
REDPs were compared to the XbaI REDPs of three isolates
from the 1995 HUS patients in eastern Wisconsin. The isolates
from individuals with HUS were 78 to 83% similar to each

FIG. 1. The duration of shedding and REDPs of isolates from children in different rooms (age groups) of the day care center.

TABLE 1. Epidemiological data for E. coli O157:H7 isolates from the day care center outbreak, Kenosha County, Wis., July to August 1994

Patient
no.

Age
(mo) Sexa Day care

room

Date of
onset of
diarrhea
(mo/day)

Duration
of diarrhea

(days)

Date
symptoms

ceased
(mo/day)

Dates
antibiotics

administered
(mo/day)

Minimum
shedding time

(days)b

No. of
isolates

evaluatedc

Isolate
REDPd

1 38 M 4 7/20 14 8/2 Ne 19 2 33
2 31 M 3 7/20 21 8/9 N 10 1 33
3 62 F 6 7/22 NAf NA N 1 1 33
4 22 F 2 7/22 NA NA N 39 4 33
5 21 M 2 7/22 6 7/27 7/27–8/5 26 2 33
6 18 M 2 7/23 7 7/29 N 11 1 50
7 41 M 4 7/23 3 7/24 N 18 2 26, 48
8 23 M 2 7/23 NA NA N 11 1 33
9 38 F 4 7/24 NA NA N 36 5 51
10 35 M 3 7/24 2 7/25 7/25–8/3 25 3 33
11 35 F 3 7/25 10 8/3 N 5 NDg

12 32 F 3 7/26 7 8/1 N 23 3 33
13 51 F 5 7/26 NA NA 7/27–8/5 8 ND
14 15 F 2 7/27 2 7/28 N 11 1 33
15 44 F 4 7/27 2 NA N 2 1 33
16 11 F 1 7/28 24 8/21 8/21–8/25 25 4 33, 49
17 28 F 3 7/28 2 7/29 N 15 2 51
18 38 F 4 7/29 2 7/30 N 12 4 33
19h 35 M 3 7/31 3 8/2 N 2 1 47
20h 35 F 3 7/31 3 8/2 8/8–8/12 2 1 33

a M, male; F, female.
b Number of days between onset of diarrhea and last E. coli O157:H7-positive fecal sample.
c Number of E. coli O157:H7 isolates obtained from sequential fecal samples.
d A single designation indicates that all isolates displayed the same REDP.
e N, no antibiotics administered.
f NA, information not available.
g ND, not determined; the case was culture confirmed, but the isolate was not available for further analysis.
h Siblings.
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other, and the REDP of one HUS isolate was identical to the
REDP of an isolate from a day care center attendee (REDP
26). The data from analyses of this limited number of HUS
strains indicate that the REDPs of HUS isolates are not ap-
preciably different from those of non-HUS isolates.

Presence of stx1 and stx2. Hybridization of EcoRI digests of
an E. coli O157:H7 isolate from the day care center outbreak
and individuals with sporadic cases representing each of the 15

XbaI REDPs with oligonucleotide probes for stx1 and stx2 (20)
demonstrated that both genes were present in all of the isolates
except strain 551, which did not hybridize with either of the stx
probes. With the exception of strain 526, common EcoRI frag-
ments hybridized with the stx1 and stx2 oligonucleotide probes
among the positive strains (data not shown).

ST production. The quantities of STI and STII produced by
a strain representative of each of the 15 XbaI E. coli O157:H7
REDP were determined by ELISA (Table 3). The levels of STI
and STII produced by the day care center isolates ranged from
6.46 to 16.38 and from 397.38 to 826.39 ng/mg of protein,
respectively. In comparison, the toxin levels from sporadic-case
isolates ranged from 6.49 to 29.54 ng/mg of protein for STI and
,30.46 to 760.00 ng/mg of protein for STII. Three isolates
from sporadic-case individuals (strains 526, 535, and 551) pro-
duced significantly less STII (P , 0.05) than the other isolates.
In contrast, strain 529 (sporadic case) produced significantly
more STI (P , 0.05) than the other strains. The quantity of
STI and STII produced by isolates from patients with HUS
ranged from 6.46 to 14.28 and from 463.62 to 904.97 ng/mg of
protein, respectively, which was not significantly different from
the toxin levels for other E. coli O157:H7 isolates, with the
exception of the strains previously noted. There was no appar-
ent association between REDP and the level of ST produced.
For example, strain 535 (REDP 44) was highly related (.90%
similar) to strains 528 (REDP 43) and 541 (REDP 45), but
strain 535 produced significantly less STII (Table 3). However,
strain 526, which produced only 30.46 6 12.46 ng of STII/mg of
protein (mean 6 standard deviation), had a REDP that was
only 60% similar to that of the other strains (Fig. 3) and carried
the stx2 gene on an EcoRI fragment different from that of the
other strains (data not shown). The absence of STI and STII
production by strain 551 was due to the absence of stx1 and stx2
sequences, which were most likely lost during subculture (21,
22, 36).

DISCUSSION

Person-to-person transmission continues to be a significant
mode of E. coli O157:H7 transmission, particularly in day care

FIG. 2. Diagram, generated by ELBAMAP, of the 17 E. coli O157:H7 XbaI
REDPs identified among strains isolated from day care center attendees, indi-
viduals with sporadic cases, and HUS patients from Wisconsin. l, lambda con-
catamers (sizes are shown to the left).

FIG. 3. The XbaI REDP relatedness of isolates of E. coli O157:H7 from day
care center attendees, individuals with sporadic cases, and HUS patients. The
Dice REDP similarities were subjected to cluster analysis as unweighted
matched-pair groups. Horizontal lines represent the degree of similarity among
isolates or groups connected by the lines. Closed circles designate the source(s)
of the isolates whose REDPs were displayed.

TABLE 2. Epidemiological data for E. coli O157:H7 clinical
isolates from patients in southeastern Wisconsin,

May to July 1994 (sporadic cases)

Patient
no.

Age
(yr) Sexa

Specimen
collection

date
(mo/day)

County of
residence

No. of
isolates

evaluatedb

Isolate
REDPc

21 15 M 5/26 Milwaukee 1 33
22 Ud M 6/4 Milwaukee 1 46
23 42 M 6/6 Kenosha 2 40
24e 45 F 6/6 Kenosha 2 40
25 78 F 6/9 Kenosha 2 40
26 17 M 6/10 Waukesha 1 39
27 40 F 6/13 Kenosha 2 41
28 3 M 6/17 Milwaukee 1 43
29 2 M 6/23 Waukesha 1 41
30 53 F 6/24 Kenosha 2 41, 45
31f 3 M 7/5 Kenosha 2 41
32f 4 M 7/6 Kenosha 2 41
33e 2 F 7/9 Kenosha 3 42
34g 5 M 7/11 Milwaukee 1 43
35g 7 F 7/11 Milwaukee 1 43
36 13 F 7/12 Kenosha 2 44
37 9 M 7/15 Waukesha 1 33
38g 1 F 7/17 Milwaukee 1 43

a M, male; F, female.
b Number of E. coli O157:H7 isolates obtained from patient.
c A single designation indicates that all isolates displayed indistinguishable

REDPs.
d U, unknown.
e Family pair member.
f Family pair member.
g Family group member.
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and long-term care centers (17, 45), in part because of the
susceptible populations in these facilities. In the Kenosha
County day care center outbreak, none of the children devel-
oped HUS, and 65% of the affected individuals were children
2 years of age or younger. Studies of previous day care center
outbreaks have shown an incidence of HUS ranging from 4 to
17% (median, 7.5%) (1, 7, 16, 36–38, 52). The highest inci-
dence of HUS is in children under 5 years of age, particularly
those between the ages of 1 and 2 years (16, 38, 43). One
possible explanation for the absence of HUS among the day
care center cases in this report is that the E. coli O157:H7
strain produced low levels of ST, which plays a key role in HUS
(16). In addition, there is little quantitative data on the levels
of STI and STII produced by E. coli O157:H7 isolates from
hemorrhagic colitis and HUS cases.

The duration of fecal shedding of E. coli O157:H7 observed
in the Kenosha County day care outbreak ranged from 2 to 39
days (median, 13 days), which is comparable to the median
duration of shedding reported in other day care center out-
breaks (7, 22, 42, 52). It is noteworthy that the median duration
of shedding in a day care center in Germany was also 13 days
(range, 2 to 62 days) for children with diarrhea and hemor-
rhagic colitis but was 21 days for cases with HUS (22). The
administration of antibiotics to children during the Kenosha
County day care center outbreak did not influence the duration
of shedding; such treatment should be discouraged, since there
is some evidence that this practice is associated with progres-
sion to HUS (16, 47). Additionally, shedding of viable organ-

isms continued past the date when diarrhea ceased, and this
should be taken into consideration when establishing criteria
for readmission of children into day care. Cohorting of return-
ing children that were previously symptomatic into a single
room of the day care facility until two negative stools are
obtained is a reasonable policy (2). Reentry of previously
symptomatic or stool-positive children into their originally as-
signed room should be dependent on submission of two con-
secutive negative stool samples (2, 45). If a single negative
stool specimen had been required for the Kenosha County day
care outbreak, approximately one-third of the previously symp-
tomatic children would have returned to the center when they
were still shedding E. coli O157:H7, potentially exposing other
susceptible children and staff members. Moreover, asymptom-
atic children and day care center personnel should also be
tested, because they may also be infected and shedding this
pathogen despite the absence of symptoms (36). However,
control measures should not be limited to testing of stool
specimens (10, 45), because shedding of E. coli O157:H7 is
intermittent and is difficult to detect in the later stages of
infection (24, 36, 45, 47).

The epidemic curve of illness stratified by age group (room)
suggests that the mode of transmission was person to person
between rooms and within rooms rather than from a point
source. A food history questionnaire did not implicate a com-
mon food source, but the children attending the day care
center ate the same snacks and lunches. There were eight
families with two or more siblings attending the day care fa-
cility. Among these families, four had no symptomatic day care
center attendees, both siblings of one family were positive, and
only one of two or three siblings in the other three families
were infected. This reinforces the probability that in-home or
transportation-based settings did not play a role in this out-
break.

Prior to the day care center outbreak, a cluster of sporadic
cases of E. coli O157:H7 was identified in three contiguous
counties in southeastern Wisconsin. The main REDP dis-
played by day care center isolates was exhibited by isolates
from two individuals with sporadic cases, including one
Waukesha County case occurring five days prior to the onset of
the day care facility outbreak. The proximity of Waukesha and
Kenosha counties and the isolation of the index strain before
the day care center outbreak support the hypothesis that the
day care facility outbreak resulted from the introduction of a
serotype O157:H7 strain that was circulating within this com-
munity. Furthermore, the isolation of an O157:H7 strain that
displayed REDP 26 in 1995 from an individual with HUS
(approximately 100 miles from Kenosha County), indistin-
guishable from an isolate from a day care attendee, demon-
strates the persistence of a strain in a region. The circulation of
an endemic strain(s) within a region is further supported by the
isolation of E. coli O157:H7 that displayed either REDP 26 or
33 from heifer cows on two southern Wisconsin dairy farms
approximately 100 and 200 miles from Kenosha County (15). It
is important to note that REDP 26 and 33 are 97% similar.
Thus, E. coli O157:H7 isolates from cows and humans in this
region display REDP 33 or a highly related REDP. It would be
of interest to survey retail foods originating from this region
for E. coli O157:H7 to determine if the isolates recovered from
food display REDPs related to those of the isolates examined
in this study. Although contaminated food was not implicated
in the day care center outbreak, person-to-person spread likely
contributed to the dissemination of E. coli O157:H7.

In contrast to the day care facility isolates, which were $93%
similar, the nine REDPs displayed by isolates recovered from
the 18 sporadic-case individuals were between 63 and 93%

TABLE 3. Quantities of STI and STII produced by E. coli O157:H7
strains from sporadic, day care, and HUS cases, by REDP

Group and
strain no. REDPa

Concn (ng/mg of protein) of b:

STI STII

Day carec

583 33 16.38 6 4.46 467.08 6 14.90
579 47 12.51 6 2.84 637.12 6 62.85
729 48 8.11 6 2.26 552.03 6 103.55
723 49 9.92 6 2.14 455.17 6 58.82
589 50 15.20 6 2.70 397.38 6 57.41
585 51 14.44 6 4.14 444.82 6 76.09

Sporadicd

523 39 6.49 6 0.30 684.59 6 165.07
526 40 6.93 6 0.05 *30.46 6 12.46
529 41 *29.54 6 4.35 616.12 6 55.07
533 42 12.64 6 1.69 534.67 6 54.50
528 43 6.70 6 0.11 760.00 6 27.36
535 44 7.06 6 0.24 *224.87 6 59.56
541 45 16.89 6 3.40 627.89 6 73.20
551e 46 *6.29 *10.16

HUSf

856 26 6.46 6 0.21 826.39 6 141.40
853 52 14.28 6 1.97 463.62 6 42.54
854 53 7.12 6 0.08 904.97 6 66.07

a See Fig. 1.
b As determined by ELISA, in both cell extracts and culture supernatants.

Values are averages 6 standard deviations for data from three trials. A standard
curve was generated with STI and STII (n 5 4). Values preceded by an asterisk
are significantly different (P , 0.05).

c Isolates from day care center outbreak in 1994. The isolate from patient 7
(Table 1) that displayed REDP 26 was not tested (see strain 856).

d Isolates from individuals with sporadic cases in 1994. The isolates from
patients 21 and 37 (Table 2) that displayed REDP 33 were not tested (see strain
583).

e Negative for stx1 and stx2.
f Isolates from patients with HUS (1995).
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similar. The greater variation in the REDPs of sporadic-case
isolates was expected, since these REDPs were displayed by
isolates from separate cases in three counties, rather than from
within a single county like the outbreak isolates. Although
there was not a predominant strain, REDP 41 was the most
common pattern, and it was displayed by isolates from five
individuals with sporadic cases, four in Kenosha County and
one in Waukesha County. Also, REDP 41 is related to REDP
33 (90% similarity). In contrast, three Kenosha County cases
yielded isolates displaying REDP 40, which was only 63%
similar to other sporadic-case and day care center strains. This
strain was likely a recent introduction to eastern Wisconsin;
this theory is supported by the isolation of a strain with REDP
40 from one family member but not the other (REDP 42), and
the REDPs differed greatly (ca. 63% similarity), suggesting
that two sources of infection affected this family. The other two
families identified among sporadic cases had isolates with in-
distinguishable REDPs.

For the day care facility outbreak, in 8 of 10 cases in which
sequential isolates were obtained, a single REDP was recov-
ered. It is possible that additional individuals shed strains with
slightly different REDPs, because only a single isolate from
each positive sample was retained for CHEF-PFGE analysis.
The instability of stx (21, 22, 36) could account for minor
differences in REDP, but the stx genes were detected in all of
the isolates but one. Thus, the stx genes were not responsible
for the minor changes in REDP noted in sequential isolates.
Karch et al. (22) described the appearance of different but
similar REDP as “clonal turnover” which results from muta-
tions and rearrangements within the genome or the gain or loss
of plasmids. The high degree of similarity between the REDPs
of isolates from two day care attendees in which two REDPs
were identified suggests that a genetic change occurred in the
infecting strain, rather than an infection by a second strain.

The ability to associate isolates with an outbreak has tradi-
tionally relied on epidemiological association and, if possible,
microbiological substantiation. Molecular subtyping methods
have been used for epidemiological studies to verify the relat-
edness of isolates. Among the various methods used to subtype
E. coli O157:H7, PFGE is highly discriminatory (3). The opti-
mization and application of PFGE for molecular subtyping
have necessitated the development of guidelines for interpret-
ing results in an epidemiologically relevant manner. As one
approach, Tenover et al. (48) proposed that strains be grouped
as indistinguishable, closely related, possibly related, or differ-
ent based on the number of restriction fragment differences
when compared with the outbreak strain. As a complement to
the aforementioned subjective approach, other investigators
have used mathematical methods to better quantify intrinsic
biological and perhaps technical REDP variability for grouping
strains (13, 19, 25, 34). As outlined above, we utilized both
approaches for grouping strains and complementing both ep-
idemiological and microbiological data. The occurrence of spo-
radic cases of E. coli O157:H7 in the same area as the day care
center outbreak enabled us to identify REDP 33 as the pre-
dominant day care strain among sporadic cases, and it pro-
vided an opportunity to compare outbreak isolates with spo-
radic-case isolates from the same area. The REDPs of the day
care facility isolates differed by one to three bands, which
corresponds to a Dice similarity index of $93%, and the most
closely related sporadic-case isolates, excluding REDP 33 (the
day care outbreak strain), were 90% similar to day care center
isolates (Fig. 3). Thus, a Dice similarity index of $93% for
XbaI REDP of E. coli O157:H7 isolates appears to be a suit-
able threshold value for including an isolate(s) as part of an
outbreak and is close to the value Krause et al. (25) suggested

($95% similarity) for linking E. coli O157:H7 isolates. In a
study of several gram-negative and gram-positive bacteria, iso-
lates that displayed REDPs that were $85% similar (no more
than three band differences in REDP) were considered related
(19). Since the Dice similarity index is influenced by the total
number of bands in the REDP, the value for including an
isolate as part of an outbreak will vary with the bacterial spe-
cies and the restriction enzyme used. Establishment of REDP
databases and analyses of other outbreaks are needed to refine
criteria for interpretation of REDPs and to link isolates with
an outbreak.

The XbaI REDPs of O157:H7 strains recovered from indi-
viduals with HUS were not highly related (78 to 83% similar),
and they did not contain fragment(s) that could be associated
with HUS. The absence of HUS among children involved in
the day care center outbreak was unusual because 4 to 17% of
children under 5 years of age that are infected with E. coli
O157:H7 typically develop HUS (16, 31, 43). One possible
explanation for the absence of HUS in the day care facility
outbreak was that the O157:H7 outbreak strain produced low
levels of ST. However, ST production by isolates from the day
care center outbreak was not significantly different (P , 0.05)
from that of isolates from individuals with sporadic cases or
HUS, but some sporadic-case isolates produced more STI and
some produced less STII (Table 3). Thus, ST production by the
strain(s) involved in the day care center outbreak was not
attenuated, and the absence of HUS is more likely due to host
or other strain factors (16, 30).

These data further highlight the discriminatory power of
CHEF-PFGE and the utility of molecular subtyping of isolates
from outbreaks as well as from individuals with sporadic cases.
The establishment of REDP databases will be valuable in the
identification of endemic strains and refinement of criteria for
REDP interpretation. To this end, additional isolates of E. coli
O157:H7 from retail foods are needed for databases.
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